Introduction
Mankind's made pollution of the environment not only makes global climate change but also shortens people's active life therefore this topic is broadly discussed last decades. Short and log-term action plans in regional and national levels are required to prevent or decrease negative impacts like a rising sea level, melting glaciers, increasing weather extremes and droughts, air pollution with particles, combustion exhaust gases. The consequences for each region are diverse influencing ecosystems and increasingly adding a political and economic note to the changes. Unusual thing is that in the South the climate change brings storms, tornadoes -along an overall negative impact, while in the Northern Hemisphere not only floods, fast temperature fluctuations, but also some short-time positive side-effects at first sight: ice-free transportation routes, altered fish occurrences and changes in the agriculture, accessibility of raw materials in the Arctic regions. However, these short-term gains can not counterbalance the overall negative effects on regional and global level and necessary prevention and adaption policies to be taken in the upcoming years in regional and global policies around the entire World coordinated by United Nations Climate Change (United…, 2000) . The last few decades characterizes with increasing finance amounts already invested in number of countries to tackle the reduction of consequences of mankind made environmental pollution. The Climate Change Financial Instrument (CCFI) is a Government budget program of Republic of Latvia (Cabinet…, 2009 ). Aim of CCFI is to prevent global climate change, facilitate adaptation to the effects of climate change and contribute the reduction of greenhouse gas emissions (increasing energy efficiency in buildings both in public and private sectors, develop and implement innovative technologies that use renewable energy resources, as well as support the implementation of the integrated solutions to reduce greenhouse gas emissions in regional and national levels. The financing of the Tender is formed by the Proceeds from the Assigned Amount Units (AAU) Purchase Agreements which are made within the international emissions trading under the Kyoto Protocol. From 2008 to 2012 more than 120 millions Euros are distributed to various projects in more than 20 project tenders mostly on energy efficiency topics.
Two dominant energy consuming and greenhouse gas (GHG) producing sectors in Latvia are households and transport (Institute…, 2012) . In 2010, the share of transport was 28.2% compared to 23.0% in 2000. The share of households fell from 40.8% in 2000 to 35.5% in 2010. Therefore transport sector in Latvia needs more attention to different measures for energy saving and fuel shift from fossil to more environmentally friendly.
One of the most researched current energy sources around the globe is hydrogen energy: a lot of academic research, experiments and practical implementations take place during the latest decades. Even term "hydrogen economy" is applied in many developed countries United States, Germany, United Kingdom, Taiwan, Canada, Spain, Portugal and many other countries. Currently in Riga City Council the first negotiations are initiated about entering the hydrogen vehicles in the public transport of city, by following examples of European cities such as Berlin, Copenhagen, London, Oslo etc. Negotiations is initiated by Latvian Hydrogen Association, which called upon one of the largest fuel cell companies in the world and already recognized in Riga international public transport manufacturers. In Riga, October 17-20, 2013 international exhibition "Energy and Environment" took place, several presentations on hydrogen transport experience were discussed as well as demonstration of hydrogen car -it was in Riga and has operated in Riga streets as well as hydrogen bus was taking passengers to the exhibition from the city centre as well as from the city centre to the exhibition venue.
Department of Energy (USA) concludes that current knowledge and awareness levels of hydrogen and fuel cells are still low in the general public, and misunderstandings of hydrogen properties continue to impart negative opinions about the safe use of hydrogen as a fuel (Fuel Cell …, 2012). Riga City Council explores deployment of hydrogen applications firstly in March 21, 2013 , when the Riga Energy Agency and the Latvian Hydrogen Association organized a conference on hydrogen for local energy and transport officials in Riga City Council inviting representatives from HyER (Hydrogen Fuel Cells and Electro-mobility in European Regions) (Riga …, 2013). Therefore before introducing new technology in Latvia it is important to research public opinion in regions and municipalities going to be first in implementation of demonstration projects and early market fuel cell and hydrogen infrastructure installations. The public opinion research on public knowledge and public acceptance on hydrogen energy has been performed in many countries. The public opinion survey was performed also in Latvia in the beginning of 2013. The questions were stated taking into account experience of other countries, there were included 16 questions and statements asked to evaluate in scale 1-10, where 1-do not agree, 10 -fully agree. In survey 1299 respondents took place, 51.7% female and 48.3% male persons in all regions of Latvia.
Theoretical background
Hydrogen energy has become a widely adopted in many countries where hydrogen energy is used already on great extent. Before the introduction of hydrogen energy in many countries has been performed extensive scientific research on the different aspects hydrogen energy public acceptance, like on dynamic effects on the acceptance of hydrogen technologies extensive international comparison was performed by B. Heinz and G. Erdman (Heinz, 2008) . In some other research hydrogen has been researched as the energy source for the 21st century (Johnston, 2005) , as well as different aspects of it (West, 2010 ). Clark and Rifkin devoted their research on green hydrogen economy (Clark, 2006) . Research on conversion of the United Kingdom gas system to transport hydrogen has been performed by P. E. Dodds and S. Demoullin (Dodds, 2013) . On forecasts, scenarios, visions, backcasts and roadmaps to the hydrogen economy as extensive review of the hydrogen futures literature have worked W. McDowall and M. Eames (McDowall, 2006) . On Iceland's hydrogen energy development has been made several researches as hydrogen energy is already part of Iceland's economy (Park, 2011) . Research on hydrogen and fuel cell education in Europe different aspects has been performed by several authors and published in several research results, a lot of attention to education aspects is devoted by M. Reijalt (Reijalt 2010) . M. Ricci, P. Bellaby and R. Flynn for many years devote their research to public knowledge and perceptions as well as acceptance of hydrogen and on the public involvement on paths to sustainable energy (Ricci, 2008; 2010) . It has been performed scientific research on possibilities to be green with hydrogen (Zimmer, 2012). Research results in several countries on social acceptance of hydrogen energy concluded that more information and society education is needed (Wüstenhagen, 2007) . Good results on public education and real hydrogen energy implementation in last years has been done in Poland -it is mentioned also in academic research that Poland is turning to hydrogen economy (Stygar, 2013) . Many applications of hydrogen energy in Norway take place in recent years, but research on public attitude was made by several authors (Tarigan, 2012) . Several scenarious and plans have been evaluated and examined on hydrogen use in economy (Upham, 2014) as well as future energy (Sovacool, 2010) . In many researches has been stated question on public understanding of hydrogen as part of economy (Sherry-Brennan, 2010). In several countries public is informed on different levels and research confirms the attitude toward hydrogen in many countries, also in USA (Krause, 2013) , also in several states of USA (Besley, 2010) and (Martin, 2009 ). In the Netherlands a lot of achievements have been reached in use of hydrogen energy and public knowledge and acceptance have been researched by several scientists (de BestWaldhober, 2011), (Achterberg, 2010) . Public opinion on hydrogen energy research is devoted also to security issues (Saffers, 2013) . Several public views are met and analysed (Kontogianni, 2013) . Public opinion on hydrogen acceptance has been studied also in Turkey (Apak, 2012) , in China (Lu, 2013 ).
Research results

Energy resources in Latvia
Latvia is one of those countries strongly dependent from imported energy resources. The most significant local energy resources used are fuel-wood and hydro energy (Daugava HPP cascade). Solid fuel, oil products and electricity are imported from several countries and supply regions, but there is only one supplier for natural gas -Russia. The split of energy flows shows the relatively high dependence from energy import -only 33% of total energy consumption is covered by local energy resources. The large part of the fuel for the centralized heat supply to regions and cities are imported in Latvia -63% of the natural gas, 3% of oil products, 0.6% of coal and the rest 33% is only local biomass (Ministry…, 2013). The share of fossil fuels in transport sector is growing year by year and is above 99% (Steinberga, 2013 The traffic with average daily flow intensity 25 thousand vehicles per day in typical street canyons (Brīvības, Valdemāra, Čaka-Marijas) located in Riga city center is major air pollution source (Steinberga, 2013) . The number of days when particle PM10 concentrations exceeds EU ad Latvian guidelines and annual average concentration on nitrogen dioxide are two main air quality problems arising from internal combustion engine propelled vehicles in Riga. Switch to electro-mobility and electrohydrogen vehicles could solve air pollution problems in Riga.
Europe Union Road Map 2050
The leaders of the European Union and the G8 in 2009 announced an objective to reduce greenhouse gas emissions by at least 80% below 1990 levels by 2050 -Roadmap 2050: a practical guide to a prosperous, low-carbon Europe, a discussion of the feasibility and challenges of realizing an 80% GHG reduction objective for Europe, including urgent policy imperatives over the coming five years (European Commission, 2009). It also shows how the main sectors responsible for Europe's emissions -power generation, industry, transport, buildings and construction, as well as agriculture -can make the transition to a low-carbon economy most cost-effectively.
Road transport needs to decarbonize 95% by 2050 to achieve EU overall commitment of 80% abatement. About 25% of decarbonization can be achieved with energy efficiency but majority needs to come from fuel shift. It is uncertain if conventional combustion engines will be able to fulfill requirements by a potential EU-RO VII norm or beyond. Result is that European cities focus on getting newest diesel engines until 2015 but, beyond that, seems to demand powertrains with lower zero emissions (electric and electric-hydrogen) (FCH…, 2012).
Operators and policy makers wonder how to balance lower emissions with potentially increased costs and decreased performance. Only the hydrogen, e-bus and trolley buses have the potential to drastically reduce well-to-wheel emissions and only the hydrogen, e-bus and trolley buses can achieve zero local emissions (FCH…, 2012) . Perceived noise of a fuel cell hybrid is more than 3 times lower than that of a conventional diesel. The hydrogen fuel cell bus is the only articulated bus expected to decrease in TCO until 2030 (FCH…, 2012). Total Cost of Ownership, based on 12 years' bus lifetime, 60 thousand km annual mileage.
Hydrogen is fuel for the Sun why not for us?
Why hydrogen technology? Hydrogen is a very simple element, but at the same time it is very powerful. With the help of Hydrogen and Fuel Cell it is possible to produce cleaner energy by reducing Greenhouse gas emissions as well as get the solution for renewable energy recourses. Important reasons while it is necessary are because accidents in centralized networks happen more often, the price of fossil energy resources is growing up, and burning of fossil fuels is polluting environment.
The United States Department of Energy (DOE) postulated key components for transition to Hydrogen Economy (United…, 2002):
o hydrogen is "The Freedom Fuel": provides independence and an environmental choice; o hydrogen solves foreign oil dependency and improves the environment; o hydrogen is everywhere-"it's right in our backyard"; o a hydrogen economy includes other fuels and hydrogen is an ongoing business today; o hydrogen is safe; o hydrogen is a long-term energy solution;
o hydrogen is the "man on the moon" equivalent for this generation. Hydrogen produced through non-fossil fuel sources by using the different forms of sustainable energy sources, such as solar, hydropower, wind, nuclear, etc. (so-called green energy based hydrogen production), is considered to be a prime fuel in meeting energy supply and security, transition to hydrogen economy, environmental betterment, and social, societal, sectoral, technological, industrial, economical and governmental sustainability in regions and countries (FCH…, 2012). Thus, green energy based hydrogen system can be one of the best solutions for accelerating and ensuring global stability and sustainability. Therefore, the production of hydrogen from non-fossil fuel sources and the development and application of green energy based hydrogen energy technologies become crucial in this century for better transition to hydrogen economy (United…, 2012). Hydrogen is the safest fuel, comparing with gasoline, methane, propane, on all measures by Fire Risk "Radar Chart" (buoyancy, lowest flammability limit, diffusion) (United, 2012). The advantages of hydrogen economy have been researched in many countries.
Selected examples on recent implementation of hydrogen technologies in transport Norway (Fuel…, 2013). Hydrogen Highway between Stavanger and Oslo in
Norway is 600 km with 5 filling stations and was opened on May, 2009 (project realized 2005-2009, coordinator HyNor). The hydrogen is produced by the electrolysis of water using electrical power generated by sustainable wind energy. The road is undergoing tests using 30 hydrogen sports cars (Mazda), 13 hydrogen cars and four hydrogen-powered buses from Toyota.
Italy (HyER …, 2013). The High V.LO-City project in San Remo -five buses hydrogen buses will be ready for operation by 31 January 2014 in 2 lines: on one line (La Brezza-Villa Helios), 3 fuel cell buses will fully substitute the trolleybuses currently operating, while on the second line (Sanremo-Taggia), the fuel cell buses will constitute half of the fleet. A mobile refuelling station will be used in the first half of 2014, which will enable a direct full operation of the buses once delivered. By midJune 2014, the fixed refuelling station shall be ready for operation while the whole infrastructure shall be ready by mid-September 2014. Electrolysis will build at least 60% of the hydrogen required. For the remaining 40%, tube trailers will be used. The next step will be that part of the hydrogen initially delivered by tube trailer will be produced on-site by solar energy.
Belgium (HyER HyLIGHTS, 2013). In Antwerp, 5 buses are planned to be delivered beginning of January 2014. They are currently in testing phase. The buses will be operated at different lines in the city of Antwerp and in the surrounding villages. The hydrogen is produced by the international chemical group Solvay as a by-product from the existing chlore-alkaline production. The hydrogen refuelling station will be located at the premises of Solvay in the harbour of Antwerp and will be operational by the time the buses are delivered.
Scotland (HyER …, 2013). In Aberdeen, the High V.LO-City project is linked with the HyTransit fuel cell bus project, is planning to operate 10 hydrogen buses from February 2014; build a state of the art hydrogen production and refuelling facility and a dedicated maintenance facility for the buses. The hydrogen production/refuelling facility will be constructed and operated by BOC, with support from Linde and Hydrogenics. With hydrogen production on-site, there is no need to transport hydrogen to the facility. The hydrogen will be produced by electrolysis on-site, compressed and then dispensed, using only electricity from wind power.
Public survey in all regions of Latvia was conducted to get information on public knowledge on hydrogen energy as well as on attitude towards hydrogen energy. Respondents were selected by mechanical sample to ensure random selection of respondents. Public opinion survey in Latvia was conducted in all regions in first quarter of 2013. The questions were stated taking into account experience of public surveys in other countries. In the survey in Latvia there were included 16 questions and statements, respondents were asked to evaluate in scale 1-10, where 1 -do not agree, 10 -fully agree. For data processing indicators of central tendency or location (arithmetic mean, mode, median) and indicators of variability (range, variance, standard deviation, standard error of mean) were used. 1299 respondents participated in the survey (respective 51.66% female and 48.27% male) from all regions of Latvia. Data of table 2 indicates that society in general in Latvia is not well informed on different aspects of hydrogen use in economy, mostly the average evaluations of respondents were low, especially mode (most often met evaluation) for all statements was the lowest possible (mode was 1), but with wide variability indicated by different indicators of variability (range, variance, standard deviation and standard error of mean). It means that society mostly is lacking information on hydrogen energy use in different fields of economy. The highest evaluations of respondents were on statement "I am aware that the carmakers develop electric cars with hydrogen as fuel for electricity" has the highest arithmetic mean of respondent's evaluations: 4.68. For this statement half of respondents gave evaluations less than 4, half of respondents gave evaluations higher than 4 (described by median). It reflects that part of society had some information on hydrogen use in cars, but still information on practical use of hydrogen energy has not reached public on reasonable level to accept hydrogen energy for practical use and more information on good applications of hydrogen energy in other countries have to be distributed on understandable and acceptable level for society. The experience of other countries on regular information of success stories, especially demonstration of respective devices has to be developed.
Distribution of respondents on evaluations for the statement "Hydrogen in energetics is safe if all safety standards are met" in different regions of Latvia are included in table 3. 1  9  3  9  18  5  2  46  2  1  2  2  3  4  3  15  3  4  3  5  3  5  2  22  4  3  4  10  5  6  2  30  5  33  15  26  34  18  15  141  6  22  6  21  7  18  13  87  7  47  21  39  16  26  22  171  8  44  40  41  25  33  37  220  9  42  12  23  25  21  30  153  10  72  41  60  44  29  45  291  Total 277  147  236  180  165  171  1176  Evaluation scale The results of the survey indicate that the full range of the evaluation scale is covered: people in all regions have different opinions on safety of hydrogen energy but more respondents are on higher evaluations. Share of respondents who gave lower evaluations (5 or less) are less in all regions of the country. To indicate relationships on different statements by regions of the country it was conducted correlation analysis. The results of correlation analysis on different statements in survey by region are stated in table 4. The results of correlation analysis have indicated that there is no statistically significant correlation on statements of the survey and region: in all regions evaluations are alike and statistical significance is low.
The main statistic indicators on statements on public information sources on hydrogen economy are stated in table 5. The respondents gave indications on necessity to get more information on hydrogen use in different spheres of everyday life.
Conclusions
1. Wide applications of hydrogen energy in different fields around the world is reflected in scientific publications, but could be more information about good practice, challenges and problems also for general public use.
2. Different international activities on cleaner energy sources are on agenda already for decades, but still there is a free place to make more efforts to use cleaner energy sources.
3. There are accepted legislative documents for implementation of cleaner energy sources use in Latvia including use of hydrogen energy.
4. Public awareness of hydrogen energy in Latvia generally can be evaluated as comparatively low, higher acceptance is for part of society with better education.
5. Society in general supports implementation of renewable energy technologies in Latvia and would be interested to receive more information in the media about the use of hydrogen experience in other countries.
6. Society in general agrees that hydrogen technology demonstration project might be suitable activity to increase public awareness about hydrogen energy.
7. Society in general supports the introduction of hydrogen energy industry. 8. There results in regions are different, but there are no significant differences on evaluations by region.
9. Hydrogen safety issues have been recognized, though, in average, the majority of respondents totally agreed that ''Hydrogen power is safe when all safety standards are met''.
